Therefore, CMOS modeling is a priority subject for cryogenic studies. The model presented is well matched with the industrial process. The research described here also has good application prospects in fields including space exploration, cryogenic electronics and quantum computing. However, modeling at the liquid helium temperature (LHT)
will require further research.
Ⅱ CRYOGENIC MEASUREMENTS
Measurements of the CMOS transistors were performed using both the thin (3.87 nm) and thick oxide (11.9 nm) SMIC 0.18 μm technologies and for a wide range of feature sizes, as shown in Table I . All the electrical measurements were performed using the Agilent B1500A semiconductor device analyzer.
Measurements were taken at different cryogenic 
where k is Boltzmann constant, q the electron charge, T the Kelvin temperature and n is the sub-threshold slope factor.
Cryogenic performance at RT, LNT and LHT are listed and compared in Table II 24 .
Another parameter extraction method for use at low temperatures was introduced elsewhere 25 .
The basic idea consisted of construction of a function that can eliminate the effects of the mobility's gate voltage dependence.
In this work, the extraction procedure is performed using BSIMProPlus. Before the temperature-dependent parameter extraction process, the temperature of the simulator must be set to 77 K to match the SS. The parameters with the greatest influence on ID are extracted first, i. × 100 (4) where N is the number of data, Imeasi is measured data and Isimui is simulated data. The value of the threshold current Ithreshold can be set appropriately to obtain meaningful results. In this case, Ithreshold has been set to the maximum measured value according to BSIMProPlus. Good agreement with the DC measurements was achieved for devices operating at the LNT.
Measurements and simulations of the IDS-VDS and
IDS-VGS curves for the NMOS (Fig. 7(a) -(f)) and PMOS ( Fig. 7(g )-(h)) devices are plotted at the LNT. The RMS errors were calculated for the measured data with respect to the simulations using both the default and revised parameters, as summarized in Table III 
